The Thouless instability conditions in the binuclear iron complex 1 have been investigated by means of a semiempirical INDO approach. The behaviour of the restricted Hartree-Fock (HF) wave function with respect to singlet, non-singlet and complex variations of the orbitals is studied. The existence of a spin decoupled solution near the diamagnetic closed shell groundstate is demonstrated. The nature of the correlation processes (angular vs left-right) for the various orbital fluctuations is discussed.
Introduction
The electronic structure of binuclear transition metal compounds with a diamagnetic groundstate has been investigated in large detail in recent years [1] . From a theoretical point of view two aspects were of main interest. On one side the magnitude of the direct metal-metal interaction in bridged systems has been studied extensively [2] [3] [4] [5] .
On the other side the general validity of the onedeterminantal Hartree-Fock (HF) picture has been questioned as CI calculations on several binuclear species have demonstrated the significant importance of electron correlation [6, 7] .
Recently we have shown that the two theoretical problems (magnitude of direct metal-metal interaction vs coupling via ligand bridges and the validity of the one-electron picture within the HF approximation) can be unified by means of theoretical procedures investigating the stability of the HF wave function against orbital fluctuations [8] [9] [10] [11] . The formalism is based on the random phase approximation (RPA) and has been derived by Thouless [12] ; Cicek and Paldus have reformulated the eigenvalue problem for the excitation energies of a N electron system for quantumchemical purposes [13] . In the field of transition metal complexes the method has been applied to poly-decker sandwiches [8, 9] bimetallocenes and bimetallocenylenes [10] as w r ell as to binuclear cyclooctatetraene complexes [11] .
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In this publication we want to investigate the stability of the HF solution, the nature and the range of electron correlation and the participation of the bridging ligands in many body effects in the iron complex trans[(^5-C5H5)Fe(CO)2]2 (1)-Theoretical framework of this study are the instability conditions as derived by Thouless [12] ; computational framework is an improved INDO Hamiltonian designed for transition metal compounds [14] .
Theory
Based on RPA the stability of the HF orbitals 
The indices k and j correspond to orbitals occupied in the HF groundstate | <Z>oX l and m refer to the particle-states. The orbitals cpk have been obtained by means of the real, restricted HF eigenvalue problem (4) where F symbolizes the Fock operator.
The electron-electron interaction integrals in (2) and (3) are defined in eq. (5):
The excitation energies 1 
Obviously (8) is associated to the singlet excitation while (9)- (11) correspond to the UHF problem.
In the case of a complex MO basis the four amplitudes ich, i c ki> i c i-i an< l icki result in a single eigenvalue problem (12) which is fourfold degenerate due to the identity (13) .
(12) (13) \<P*>o= l^k^))' 5 = ^ spin. In [8] and [10] we have discussed in large detail the occurance of the three instability types in binuclear transition metal compounds. The theoretical findings can be summarized as follows. b) Triplet (non-singlet) instabilities correspond to a spin decoupling within an electron-hole pair with the same magnetic quantum number but with different parity with respect to the internuclear 3d 3d axis (long-range behaviour, left-right correlation). Schematically the orbital fluctuations leading to the two instability types can be formulated by means of (15), (16) and (17) .
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x+y. procedure [19, 20] .
In the present paper the interrelation between short-range and long-range correlation effects as well as the role of the bridging groups with respect to the aforementioned many body interactions are studied. In accordance with [19] and [20] the general conclusions should be independent from the used MO model. This work differs from the aims of a recent ab initio HF instability study on quadrupoly bonded Cr and Mo complexes [21] as in the present investigation the important influence of bridging ligands in weakly coupled dimers upon electron correlation is analyzed but not the nature of the metal-metal bond.
The INDO HF and instability calculations on the binuclear Fe complex 1 with idealized C^h symmetry were performed on the geometry determined by X-ray investigations [4, 22] ,
Calculations
The electronic structure of 1 has been discussed on several degrees of sophistication ranging from Extended Hückel (EH) calculations of the oneelectron type [3] , semiempirical CNDO results [5] to ab initio calculations, with a near minimal basis 3J"E(C0)terminal bonding. The highest MO (30ag) of this Fe 3d set is of d type and is predicted at -10.87 eV. The INDO results are close to the orbital splitting obtained within the ab initio framework [3] , The results of the HF instability calculations are summarized in Table 1 . It is seen that the HF determinant | 0o> is clearly stable with respect to orbital fluctuations of the singlet and complex (nonreal) t3^pe. The lowest root of the two eigenvalue problems exceeds 1 eV indicating the stability of the HF determinant against spatial violations and complex MO solutions. The leading term in the orbital fluctuations of for the singlet instability corresponds to the excitation 146g->296u. The associated correlation process at the Fe centers is of intraatomic angular type (3dyr*-H*3dcr*). The symmetry of the valence orbitals at the bridging CO groups prevents left-right correlation and thus a further reduction of the excitation energy of the singlet instability problem.
The second eigenvalue of the singlet variation which is nearly degenerate with corresponds to an angular correlation (3d<5-^3da*) with a superimposed left-right coupling. The significant energy gap within the electron-hole pair however avoids the occurance of a HF breakdown of the singlet type. The 1% values and the excitation patterns of the complex route are close to the singlet case.
The INDO results of the non-singlet variations differ remarkably from the HF fluctuations retaining the spin-paired character of the groundstate determinant. The lowest eigenvalue (0.15 eV) indicates the existence of an unrestricted HF solution that differs only 14.5 kJ/mol from the restricted HF wave function with a diamagnetic closed shell structure. Inspection of Table 1 clearly displays that the orbital transition corresponds to a spin decoupling within an electron-hole pair of n* and n character (FeFe coupling). The (approximate) magnetic quantum number in both MO's is identical, the parity of the orbital wave function with respect to the internuclear FeFe axis however differs. This MO pattern results in a spin decoupling between the two formal (^5-C5H5)Fe(CO)2 fragments. In contrast to the singlet fluctuations this process is always of interatomic long-range character. More pronounced non-singlet fluctuations in 1 are prevented due to the significant derealization of the orbital wave function of the 146g hole-state.
In the case of observed non-singlet instabilities it is clear that the predictive capability of HF calculations concerning the spin multiplicity of polynuclear clusters (e.g. closed shell complex with lowspin configuration vs. open shell system with highspin configuration) is lost. Here methods beyond the independent particle picture must be employed. Possible theoretical choices are CI procedures [6, 7] or valence bond (VB) calculations [25] .
Conclusion
The validity of the HF picture in the binuclear 
